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ABSTRACT 
An Economic Analysis of Nitrogen and Phosphorus 
Fertilization on Several Utah 
Range and Meadow Sites 
by 
Thomas M. QuigleY7 Master of Science 
Utah State University, 1972 
Major Professor: Dr. John P. Workman 
Depa rtmen t: Range Sc ience 
Previous research has shown that rangeland forage production can be 
increased through fertilization. A study was conducted to determine if fertil-
ization of various Utah range sites was economically feasible. Six range sites 
were selected for analysis. The addition of nitrogen increased forage produc-
tion on three sites. Phosphorus had no effect in increasing production. Pro-
duction functions of the form, Y ::::; a + bN - cN2 , where Y is pounds of forage 
per acre and N is pounds of nitrogen per acre, were estimated for both fall 
and spring applications. Using current prices of Y and N the optimum rates 
of fertilization for maximum profit were determined. By comparing the profit 
per acre for fall and spring applications the most effective season of application 
was determined. On an irrigated tall wheatgrass (Agropyron elongatum) pasture 
the fall application was most profitable and the optimum rate of N was 215 lbs. / 
ac (assuming PN ::::; $ .1207/lb. and P Y = $ . 0073/lb.). On an intermediate 
wheatgrass (Agropyron intermedium) foothill site, fall was the most profitable 
season of application and 127 Ibs. lac of N was the optimum rate. On a crested 
wheatgrass (Agropyron cristatum) site (average precipitation of 11 to 12 inches) 
only the spring application was analyzed and the most profitable rate of applica-
tion was 7 lbs. N/ac. The optimum rates of N were determined for various 
prices of nitrogen and forage in a sensitivity analysis. 
(77 pages) 
INTRODUCTION 
The fertilization of rangeland as a means of increasing forage production 
is not a new concept. As early as 1946 researchers began asking the question~ 
"Does fertilization increase total forage production on rangeland?" (Bentley 
1946~ Dickey et al. 1948~ Hoglund et ala 1952~ Carter 1955, Cooper 1955, 
Williams et ala 1956? Lewis 1957, Duncan and Reppert 1960, Jones 1960~ 
Patterson and Youngman 1960, Seamonds and Lang 1960, Birch and Lang 1961~ 
Smith and Lang 1962~ Woolfolk and Duncan 1962~ Hull 1963, Thomas 1964, 
Conrad et ale 1966, Moore et ala 1968 9 Lawrence and Ashford 1969~ and 
Seamonds and Roehrkassee 1971). Now that an affirmative answer has been 
found in many cases 9 it is time to ask another equally important question. 
"Is fertilization economical?" For many farm crops the answer is yes 
(Spillman 1933~ Heady and Pesek 1954, Heady et al. 1955~ Brown et al. 1956, 
French 1956, Ibach 1956~ Paschal and French 1956, Doll et al. 1958, Orazem 
and Smith 1958 9 Pesek et al. 1958 9 Munson and Doll 1959, Heady et al. 1963, 
and Fuller 1965). Unfortunately this question has not been answered for range 
forage. 
There has been limited work done in this area. Hooper (1969) subjected 
biological data, collected by researchers in Califprnia, to economic analysis. 
However, this study was restricted to the annual grasslands of California. This 
study found range fertilization economically feasible on many soil types. A 
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study by Hooper et aI., (1969) dealt with only one level of nitrogen application 
and did not address itself to the problem of determining the optimum rate and 
combination of fertilizer materials. 
Researchers working with annual ranges have found that fertilization 
causes early growth initiation and extends the growing season into the dry 
period (Hoglund et al. 1952, Woolfolk and Duncan 1962~ and Conrad et al. 1966). 
Unfortunately ~ this research was limited to the annual rangelands of California. 
This poses another question~ "Does Fertilization of Utah rangeland cause early 
growth and an extended green period? II 
The purpose of this study was to examine the effects of fertilization on 
several Utah range sites. Production functions were employed to test the eco-
nomic feasibility of range fertilization and to determine optimum fertilization 
rates. 
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REVIEW OF LITERATURE 
Research in range fertilization had its beginning in the late 1940' s. 
This work emphasized changes in species composition~ forage quality j and 
forage production. 
Hoglund et al. (1952), found that application of ammonium phosphate--
sulfate increased forage production~ advanced grazing readiness, doubled the 
length of the green feed period, and reduced fluctuation in forage production 
from year to year on California annual ranges. Duncan and Reppert (1960) re-
ported that animal days of grazing per acre in a drouth year were three and a 
half times greater on areas fertilized with nitrogen and sulfur. Woolfolk and 
DUncan (1962) found that sulfur-nitrogen fertilization increased herbage pro-
duction, livestock utilization and weight gains of animals grazing annual ranges. 
Fertilization minimized the effects of weather on vegetation composition and 
induced earlier plant growth~ as well as sustaining growth at a more rapid rate 
during the winter. 
Williams et al. (1956)~ found that California rangeland could be improved 
by seeding annual clovers ~ fertilizing, and improving grazing management. The 
grazing capacity was increased by three times and forage quality was improved 
on lands where these improvements were implemented. Conrad et ala (1966)j 
found that the average length of the green season increased from 96 to 113 days 9 
and the average grazing capacity of the green season increased from 22. 8 days 
per acre to 55.5 days per acre when sulfur and nitrogen fertilizers were 
applied to the California annual range. 
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Jones (1960) applied urea at various dates (September through March) to 
an annual range to study responses to date of application. For summer grazing 
the date of application made no significant difference in production except that 
the March application was too late to produce maximum yields. 
Seamonds (1971), working with mountain meadows in Wyoming~ used 
three sources of nitrogen and six different application dates~ from September 
through May ~ to study the effects of source and time of application on production. 
Slow release urea showed a 3 percent yield advantage to fall application. 
Ammonium nitrate and liquid urea each showed a 10 percent yield advantage in 
favor of spring application. Birch and Lang (1961) applied nitrogen on Wyoming 
soils at rates of 50 and 100 pounds per acre to examine seed production of 
various grasses. The results indicated that Russian wildrye (Elymus junceus) 
and Mandan rice grass (Stiporyzopsis caduca) produced an additional 10 pounds 
per acre~ while fertilized stands of intermediate wheatgrass (Agropyron 
intermedium) and Whitmar beardless blue bunch wheatgrass (Agropyron spica-
tum var. inerme) resulted in a decrease in seed production. In Oregon, Cooper 
(1955) found that forage production was greatest when 60 to 80 pounds of nitro-
gen per acre were applied to wet meadows and when 40 to 60 pounds of phos-
phorus per acre were applied to pastures with abundant white-tip clover 
(Trifolium va riegatum). 
Moore et al. (1968)~ found that phosphorus fertilization on two Nebraska 
sub-irrigated meadows resulted in higher dry matter yields and a greater 
percentage phosphorus content when fertilizer was applied to the surface as 
compared with drilling phosphorus to a depth of 3 to 4 inches. 
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Lawrence and Ashford (1969) working with intermediate whcatgrass 
found that dry matter yield increased with increasing rates of nitrogen and 
with longer intervals between clipping. The greatest yields were obtained with 
8 week clipping intervals and 335 pounds of nitrogen per acre. Seamonds and 
Roehrkassee (1971) working with mountain meadow hay in Wyoming found that 
both crude protein content and forage production increased with increasing 
rates of nitrogen. With heavy nitrogen rates it was determined that the ac-
cumulation of nitrates did not reach the danger level of 1. 00%. 
Research in New Mexico indicates that range fertilization can be used 
as a means of manipulating ranges towards a more desirable species compo-
sition. Dwyer (1971) found that nitrogen fertilization of native blue grama 
(Bouteloua gracilis) range increased production of desirable forage grasses 
for use by grazing animals. 
Increases in forage quality and quantity from nitrogen fertilization have 
been reported by researchers working with mountain meadows in Wyoming 
(Lewis, 1957) and pure grass stands in North Dakota (Carter, 1955). 
Research conducted on drier sites have resulted in differing conclusions. 
Some found that the addition of nitrogen increased forage production (Seamonds 
and Lang, 1960; Thomas, 1964; Lang and Landers, 1968) while others foood that 
fertilization caused no increase in production (Smith and Lang, 1962; Hull, 1963). 
Seamonds and Lang (1960) reported that fertilization of created wheat-
grass (Agropyron cristatum) in Southeastern Wyoming at a rate of 66 pounds 
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per acre increased forage production by 88%. They also reported that nitrogen 
application would be uprofitable except during years of above average precipita-
tion or wheQ. hay or other livestock feeds are priced extremely high. Thomas 
{1964) working with bromegrass (Bromus inermis) crested wheatgrass 
~Agropyron desertorum) hay found that nitrogen fertilizer significantly increased 
hay yield. Nitrogen content of the grass increased with increasing rates of 
nitrogen and decreased with increasing amounts of seasonal precipitation. 
Lang and Landers (1968) recomr.J.ended that crested wheatgrass stands in north-
eastern Wyoming be fertilized every year with approximately 20 pounds of 
nitrogen pe r acre. 
Smith and Lang (1962) found the addition of nitrogen increased the crude-
protein content of Idaho fescue (Festuca idahoensis) and increased forage 
palatability. They reported that forage production as a result of fertilizer was 
increased in only one of the five years studied. Hull (1963) found nitrogen treat-
ments of a seeded mixture of grasses in southeastern Idaho resulted in no sig-
nificant increase in total forage, but did result in significant increases in nitro-
gen and protein contents of the herbage. 
Cook (1965) reported that fertilization of seeded foothill ranges in Utah 
resulted in increased palatibility, production, and protein content. The ap-
plication of 20 to 80 pounds of nitrogen per acre resulted in increases in forage 
production during the first year and increases in production as much as 3 years 
after fertilization. The application of phosphorus on some sites increased the 
number of seed heads but did not increase total forage production. Palatibility 
was increased by nitrogen fertilizer 9 thus improving cattle utilization on 
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fertilized sites. The application of phosphorus had no effect on increasing the 
palatibilityo The carryover of increased utilization due to nitrogen fertilization 
varied from 2 to 3 years depending upon the site. Nitrogen caused increases in 
total protein 9 available carbohydrates ~ phosphorus, and gross energy and caused 
decreases in ash and cellulose. 
Cook (1965) also reported results from fertilization of seeded and native 
mountain ranges in Utah. The application of 40 to 80 pounds of nitrogen per 
acre caused "significant increases in production for 2 years on seeded mountain 
range. The total protein produced on these areas increased during the 2 years 
and over 90% of the nitrogen was recovered. On native mountain range the 
application of nitrogen increased the production of both forbs and grasses. 
Increases in forage production and quality along with changing species 
composition are not the only benefits derived from range fertilization. Re-
search has been conducted on the possibility of improving livestock distribu-
tion through range fertilization. Increases in forage utilization due to nitrogen 
fertilization have been reported in Wyoming (Lang 1956; Smith and Lang 1958). 
Cook (1965) found that the use of occasional cattle drifting and fertilization of 
areas normally not utilized would improve cattle distribution and utilization. 
Hooper et al. (1969) analyzed Cook's results from an economic standpoint and 
listed three potential benefits of range fertilization~ (a) increased forage pro-
duction on treated areas; (b) increased utilization on treated areas; (c) increased 
utilization of the range surrounding the areas fertilized. On the Utah rangelands 
considered in this study~ fertilization was profitable. 
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Extensive research has been conducted on the economics of fertilization 
of agricultural cropland (Paschal and French 1956; Heady et al. 1955; Munson 
and Doll 1959; Pesek and Heady 1958; Doll et al. 1958; Heady and Pesek 1954; 
Baum et al. 1956; Brown et al. 1956; Heady et ala 1963; Orazem and Smith 1958; 
Pesek et al. 1958). Limited research has been conducted on the economics of 
range fertilization on California ranges. Hooper (1969) subjected the biological 
data from grassland fertilization experiments in California to economic analysis 
and determined the economic optimum for many of the range soils in California. 
The next logical step in range fertilization research is to determine for 
various range sites whether or not it is profitable to increase forage production 
through fertiliza tion. 
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DESCRIPTION OF EXPERIMENTAL AREAS 
Plot locations 
Six range sites were selected for fertilization, five in Utah and one in 
Idaho (Figure 1). Three criteria were used in selecting the range sites: 
(1) fertilizer had not been applied to the area within the last six years, (2) uni-
form and representative vegetation, and (3) slope did not exceed 15%. Sites se-
lected were, White (.5 miles west of Paradise, Utah), Jensen (.5 miles north 
of Young Ward, Utah), Theurer (1 mile west of Logan, Utah), Swan (15 miles 
northeast of Huntsville, Utah, Junction (20 miles southwest of Snowville, Utah), 
and Curlew (11 miles north of Snowville, Utah, near the Utah-Idaho border). 
All the sites were located on privately owned land with the exception of 
Curlew which is federal land administered by the United States Forest Service, 
and Junction which is federal land administered by the Bureau of Land Manage-
mente The Junction area has been used for a number of years by Utah State 
University for range research purposes. 
Physical and biological 
characteristics 
The White plot is located on the Provo level of the Pliestocene sediments 
of Lake Bonneville at an elevation of 4800 feet. The soil is a silt loam that has 
weathered from the sediments deposited by streams flowing into Lake Bonneville. 
The plot slopes slightly to the north. The vegetation is composed mainly of 
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Figure 1. Location of experimental areas (a, Curlew; b, Jensen; c, Junction; 
d, Swan; e, Theurer; f, White). 
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intermediate wheatgrass with a small percentage of northern sweet broom 
(Hedysarum boreale) mixed in. The usual land practice on this pasture is to 
graze in early summer and late fall. The annual precipitation averages between 
16 and 17 inches 9 with approximately 6 inches occurring during the summer 
(U oSo Geological Survey~ no date). The growing season averages 154 days (Uo So 
Dept. of Commerce 1971). 
The Jensen plot is located on improved irrigated land surrounded by 
alfalfa and wheat fields at an elevation of 4420 feet. The soil is a silt loam 
derived from alluvial deposits of the flood plain of the Logan River. The 
vegetation of the pasture is composed almost exclusively of tall wheatgrass. 
The recent management practice for this pasture has been, the harvest of forage 
as hay in July followed by late fall grazing. The annual precipitation averages 
between 14 and 15 inches. The grow ing season averages 126 days (U 0 So Dept. 
of Commerce 1971)0 
The Theurer plot is also located on improved irrigated bottom land of 
Cache Valley at an elevation of 4450 feet. East of the plot is a perennial stream. 
A continuously flowing artesian well is also located near the plot. During the 
early spring and in years of high stream flow the water table often is higher 
than the land surface. The plot is sometimes flooded for periods as long as six 
weeks. The soil is a silt loam that has developed from the sediments of the 
Logan River. The vegetation includes a mixture of pasture grasses, including 
reed canary grass (Phalaris arundinacea)~ timothy (Phleum pratense), redtop 
(Agrostis alba)9 and foxtail (Hordeum jubatum). The management practice has 
been to harvest hay in July followed by late fall grazing. The annual 
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precipitation averages between 14 and 15 inches. The growing season averages 
about 126 days ~U 0 So Dept. of Commerce 1971). 
The Swan plot is located on a southwest facing slope of 10% at an ele-
vation of 7200 feet. The soil is a silt loam. The grasses on this high mountain 
meadow are primarily of Great Basin wildrye (Elymus cinereus), Kentucky 
bluegrass (Poa pratensis), bearded wheatgrass (Agropyron subsecundum) June 
grass (Koeleria cristataL and Idaho fescue (Festuca idahoensis). The forbs 
on this site include butterweed (~cnecio), wild onion (Allium acuminatum), 
mules ear (Wyethia amplexicaulis), Oregon checkermallow (Sidalcea oreganaL 
yarrow (Achillea lanulosa), spurred lupine (Lupinus caudatus), and wild pink 
geranium (Geranium fremontH). The land has been managed as a grazing area. 
for cattle during late summer and fall. The annual precipitation averages be-
tween 22 and 23 inches, with 16 to 17 inches occurring during the winter (U 0 So 
Geological Survey, no dateD) 
The Junction plot is situated at an elevation of 4700 feet in Curlew 
Valley, Utah, a broad lacustrine valley. The site originally supported big 
sagebrush (Artemisia tridentata) and various native grasses but currently sup-
ports a stand of seeded crested wheatgrass with scattered plants of big sage-
brush and Halogeton (Halogeton glomeratus). The soil is a silt loam. The land 
is used primarily as an early winter and spring grazing area. The annual pre-
cipitation averages between 9 and 10 inches. Extreme seasonal fluctuations in 
temperature are common (Visher 1946). The number of frost free days 
averages 96 days (UoSo Dept. of Commerce 1971). 
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The Curlew plot is located on the Idaho portion of Curlew Valley at 
an elevation of 4800 feet. The plot is a former sagebrush grass site that has 
been seeded to crested wheatgrass. The soil is a silt loam. The vegetation 
of the site consists almost exclusively of crested wheatgrass. The land is 
grazed on a rotation basis fronl April through December. The annual precipi-
tation averages between 11 and 12 inches. The growing season averages 96 
days (D. S. Dept. of Commerce, 1971). Extreme seasonal fluctuations in 
temperature are common (Visher, 1946). 
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METHODS AND PROCEDURES 
During the summer of 1970, the White, Theurer, Jensen~ and Swan 
plots were established. The Curlew and Junction plots were established during 
the winter of 1970-71. The experimental design was a randomized block fac-
torial which allowed for three replications of 36 treatments (six rates of 
nitrogen and six rates of phosphorus and every combination of rates) (Table 1). 
The dimensions of the subplots ~each containing one treatment) were 10 feet by 
15 feet with the exception of the White plot where 10 feet by 10 feet subplots 
were used. Two application dates were tested on each plot (Figure 2). 
During the fall of 1970~ fertilizer was applied to the White, Jensen~ 
Theurer? and Swan plots. In the Spring of 1971, fertilizer was applied to all 
six plots. The Junction and Curlew plots received only a spring application. 
The fall application on these two plots will be considered in a later analysis. 
Between the fertilization date and the date of harves4 periodic measure-
ments of plant height were taken. This made it possible to determine if any of 
the fertilizer rates caused the forage to initiate growth earlier than the unfer-
tilized plots. 
Soil analyses 
Prior to fertilization~ soil samples were collected from each plot. 
These samples were analyzed by standard laboratory procedures at the Soils 
Laboratory~ Utah State University. Each sample was analyzed for available 
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Table 1. Treatment numbers assigned to rates of nitrogen and phosphorus 
White Plot 
Pounds N per acre 
~ 0 25 50 100 200 400 
C) 0 1 2 3 4 5 6 
Ci:! 1205 12 11 10 9 8 7 ~ 
CD 25 13 14 15 16 17 18 0.. 
Po! 50 24 23 22 21 20 19 
rJl 100 25 26 27 28 29 30 
"C 
~ 200 36 35 34 33 32 31 :;:j 
0 
Po! 
Swan, Theurer? Jensen Plots 
Pounds N per acre 
CD 0 50 100 200 400 800 ~ 
C) 
0 1 2 3 4 5 6 Ci:! 
~ 12.5 12 11 10 9 8 7 CD 
0.. 25 13 14 15 16 17 18 Po! 
rJl 50 24 25 22 21 20 19 
"C 100 25 26 27 28 29 30 § 
0 200 36 35 34 33 32 31 
Po! 
Junction, Curlew Plots 
Pounds N per acre 
~ 0 1205 25 50 100~ 200 
C) 0 1 2 3 4 5 6 
Ci:! 602 12 11 ~ 10 9 8 7 
CD 12.5 13 14 15 16 17 18 0.. 
Po! 25 24 23 22 21 20 19 
rJl 50 25 26 27 28 29 30 "C 
~ 100 36 35 34 33 32 31 :;:j 
0 
Po! 
216 ft. 
r--'1'""-E' all Application 
I 10 ft. 
1-----' 
15 ft. 
Rep. 1 
Spring Applicatior< 
Rep. 1 
-- - - - - - - - - ... - - -- -- - - - - - ~ 
Hep. 2 Rep. 2 
~ - - -- - - -- - - - - - - _. 
Rep. ~~ Rep. 3 
k 216 ft. >1 
Figure 2. General outline of experimental design. 
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potassium~ a vailable phosphorus~ pH, soluble salts, lime ~ and texture. Based 
upon the analysis of the samples ~ the Soils Laboratory also recommended 
fertilizer rates. 
Harvesting of forage 
During the summer of 1971 each plot was harvested to determine the 
total forage production for each treatment. Each plot was harvested at the 
approximate time of grazing or field harvest under the usual management 
condi tions . 
The harvest procedure began with the removal of a buffer strip 3 feet 
w ide between each treatment. There were two exceptions to this 3 foot buffer 
strip: One, the Jensen plot had a five foot buffer strip because the dense growth 
of the forage made it impossible to mow a narrow strip. Two, the Theurer 
plot produced reed canary grass which was over seven feet tall. This made 
it impossible to use a mower to cut a straight line. Therefore, only a three 
foot square area was sampled for each treatment using hand clippers. 
After the removal of the buffer strip, the remaining forage was clipped 
and weighed to establish a wet weight. A subsample of about 400 grams was 
taken from at least one replication of each treatment each day. This subsample 
was placed in a paper bag, weighed, dried in an oven for 24 hours at 600 C, and 
then reweighed to determine the air dry weight and percentage moisture for 
each treatment. The resulting factor was used to convert wet forage weight to 
air dry forage weight. All weights were then converted to a per acre basis. 
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Each plot was visited periodically after clipping to measure regrowth. 
Weight measurements were used to determine if any of the fertilizer rates 
were beneficial in extending the grazing season. 
Price determina tions 
The price per pound of nitrogen and phosphorus followed Christensen 
and Richards (1969). Fertilizer application costs and harvesting costs followed 
machinery custom rates from Doane's Agricultural Report (Lewi~ 1972). 
Three different methods were used to determine the price of the forage 
per pound. One method used the average price paid Utah farmers for all hay 
for the period 1958 to 1968 (Christensen and Richards 1969). 
The second method involved the conversion of forage into animal unit 
months (AUM's). Given the value of an AUM~ the number of pounds of forage 
equal to an A UM~ and assuming a given percentage of measured forage as 
usable~ the price per pound of forage was determined. 
The third method used the value of Federal grazing fees and other costs 
of grazing on public land that are saved by increased forage production on 
private land. Implicit in this method is the assumption that all increases in 
forage production through fertilization will be utilized to feed cattle that would 
normally be grazing on Federal land; thereby~ saving money by not paying 
Federal grazing fees and other grazing costs. 
Production functions 
Multiple regression analysis was used to determine the functional 
relationships between the forage yield and the two variable inputs~ nitrogen and 
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phosphorus 0 These functions were then used to determine the optimum (leas';' 
expensi ve) combination of nitrogen and phosphorus by using the price ratio of 
nitrogen and phosphoruso The optimum (most profitable) level of fertilization 
was then determined by using the price of the forage. 
RESULTS AND DISCUSSION 
Soil analyses 
The results of the soil analyses are gi ven in Table 2. Fertilizer 
recommendations of the Soils Laboratory are given in Table 3. 
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The pH of the soils range from moderately alkaline on the Theurer 9 
Jerrsen~ Curlew and Junction sites to slightly alkaline on the Swan site to 
slightly acid on the White site. The Junction and Curlew plots were the only 
sites which show a problem of salinity. The total soluble salts, as measured 
by electrical conductivity, is greater than 4 mmho/cm only at soil depths 
greater than 12 inches at Curlew and 6 inches at Junction. 
The measured amount of available phosphorus decreased with increasing 
depth on all sites (Table 2). The Soils Laboratory recommended that phosphorus 
be supplemented only on the Jensen and Theurer plots, both of which are irri-
gated pastures ~Table 3). The measured amount of available potassium indicated 
that there is abundant amounts of this element present in all soils. The Theurer 
site is marginal in amounts of potassium at depths below 6 inches. 
The soil texture of all surface soils was silt loam. The only variations 
from silt loam occurred at the 12 inch depth on the Jensen and Junction sites 
where deviations were silty clay and silty clay loam respectively. 
Additional soil information is gi ven in Appendix A. 
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Table 20 Soil analysis results 
Sample Soluble Available Available 
Depth Salts Phosphorus Potassium Texture 
Plot ~in. ~ pH (ECe) (ppm) (ppm) ~Estimated) 
Curlew 0-6 8.2 .4 11.0 780+ Silt Loam 
6-12 8.7 .9 2.4 780-i- Silt Loam 
12-18 8.6 10.2 2.8 780+ Silt Loam 
Jensen 0-6 8.0 100 9.0 764 Silt Loam 
6-12 8.1 2.7 3.0 679 Silt Loam 
12-18 8.1 2.0 2.0 679 Silty Clay 
Loam 
Junction 0-6 803 1.0 1000 780+ Silt Loam 
6-12 8.1 8.9 8.2 780+ Silt Loam 
12-18 8.3 10.0 400 780+ Silty Clay 
Loam 
Swan 0-6 7.2 1.0 31.0 460 Silt Loam 
6-12 7.6 .9 7.8 289 Silt Loam 
12-18 708 .7 6.1 234 Silt Loam 
Theurer 0-6 8.4 .5 1300 117 Silt Loam 
6-12 8.3 05 7.0 101 Silt Loam 
12-18 8.2 .6 6.4 101 Silt Loam 
White 0-6 6.9 04 52.0 1170 Silt Loam 
6-12 6.9 .5 45.0 655 Silt Loam 
12-18 6.8 .7 36.0 585 Silt Loam 
Tab~e 3. Soils Laboratory fertilizer recommendations 
Plot Nitrogen ~N) Phosphorus (P) Potassium (K) 
Q.bs. lac) (lbso lac) (lbs. lac) 
Curlew 30 to 40 0 0 
Jensen 100 to 150 18 0 
Junction 30 to 40 0 0 
Swan 100 to 150 0 0 
Theurer 100 to 150 22 to 35 0 
White 100 to 150 0 0 
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Precipitation. 
Rangeland grass production is highly dependent upon precipitation. In 
years of drought ranges produce far below potential regardless of management. 
When working with fertilization it is important to know whether or not the year 
tht-' data was collected was below or above average. On pastures with adequate 
irrigation the amount of precipitation is not as important. 
The sites included in this analysis that fall under the second catagory 
are the Jensen and Theurer siteso These two irrigated sites receive similar 
rainfall {Appendix B). The Theurer site received more than adequate amounts 
of irrigation during the study periodo The rising waters of the Logan River 
flooded the site for about 3 weeks. Although substantial growth was obtained 
from this plot~ no fertilizer effects were noticable. In contrast, the tall 
wheatgrass on the Jensen plot showed Significant differences in production due 
to fertilization. This irrigated site was supplied with adequate water throughout 
the entire growing season. 
The Curlew site supported crested wheatgrass and was much more de-
pendent upon precipitation than either the Jensen or Theurer sites. The 1970 
precipitation exceeded the 1960-71 average by 0043 inches and the 1931-60 
average by 1. 45 inches. The 1971 precipitation exceeded the 1960-71 
avetage by 4.37 inches and the 1931-60 average by 5.39 inches. 
The Junction site also supports crested wheatgrass and depends upon 
precipitation for growth. The precipitation on this site in 1970-71 was also 
above the 1960-71 average and the 1931-60 average ~Appendix B). Precipi-
tation amounts above the average on this site were much less than on the 
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Curlew site. The 1970 value was 0084 inches above the 1960-71 average and 
1011 inches above the 1931-60 average. The 1971 value was 0.39 inches above 
the 12 year average and 0.66 inches above the 30 year average (Appendix B). 
Thus growth from this plot might be only slightly higher than in an average 
year. 
Precipitation on the Swan site was also above average. The 1970 
precipitation exceeded the 12 year average by 6. 10 inches and the 30 year 
average by 7.29 inches. The 1~71 precipitation exceeded the 12 year average 
by 4.39 inches and the 30 year average by 5058 inches {Appendix B). Thus 
production might be less in an average year than reported in this study. 
Percipitation on the White site was also above average during the study. 
The 1970 precipitation was greater than the 12 year average by 2.84 inches and 
the 30 year average by 4.28 inches. The 1971 precipitation exceeded the 12 
year average by 4.29 inches and the 30 year average by 5.73 inches (Appendix 
B). Thus the production functions estimated in this study may predict slightly 
higher values than would occur in an average year. 
Early growth initiation 
In the early spring of 1971 measurements of plant height were taken at 
each site. Continued measurements were taken up to the time of clipping. The 
results of these measurements indicated that some fertilization rates were be-
neficial in initiating earlier growth. A summary of those rates which caused 
plant height to obtain 6 inches before the unfertilized area and the days 
involved in early green-up are given in Table 4. 
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Nitrogen fertilization was beneficial in causing early growth on 4 of 
the 6 sites but phosphorus fertilization showed no earlier growth benefits~ on 
those sites where early green-up occurred~ fertilized plants reached 6 inches 
of height an estimated 8 to 15 days before unfertilized plants (Table 4). 
Table 4. Fertilizer rates which caused early growth initiation 
Plot 
Curlew 
Jensen 
Junction 
Swan 
Theurer 
White 
Ni trogen ra tes 
pounds per acre 
100 and 200 
200 and 400 
NONE 
NONE 
400 and 800 
200 and 400 
Extended green 
period - days 
10 - 14 
8 - 12 
0 
0 
10 - 15 
8 - 12 
These results indicate that nitrogen fertilization of some Utah rangeland 
is one possibility of extending the grazing season earlier into the spring. The 
extension of the grazing season would enable ranchers to take their cattle off 
supplemental feeds earlier. This would result in a savings to the rancher 
equal to the difference between variable grazing costs and feeding costs for as 
much as two weeks. 
Because of the soil moisture conditions present in the early spring on 
the Swan plot, the extens ion of the grazing season earlier into the spring would 
be impractical. The melting snow in the spring causes the soil to remain at 
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near saturation until plant height is about 7 to 10 inches. Therefore 9 earlier 
growth on this site is not as important as it might be on a foothill site. 
As will be explained below~ the lack of earlier growth on the Junction 
plot can be explained by the overall lack of response to fertilizer on this 
relatively dry site. 
Prices and costs 
Important in the determination of optima are the prices of inputs and 
outputs. Since fertilizer application is priced on a per acre basis~ the cost 
of application is the same regardless of the application rate (except the 0 rate). 
This implies that the application cost becomes a fixed cost after the decision 
has been made to fertilize. This cost~ and all fixed costs, are important in 
determining whether to fertilize or not9 but it is not important in the determina-
tion of the optimum rate of fertilizer. The cost of fertilizer application used 
in this analysis for dry bulk fertilizer was $10 50 per acre which is the cross 
sectional average for the Western United States (Lewis, 1972). 
The swathing of the hay is another fixed cost which applies to the analysis 
in the same fashion as the cost of applicationo Regardless of the pounds of 
forage produced per acre~ the swathing cost remains constant. The average 
cost for swathing used in the analysis was $3.50 per acre, the cross sectional 
average for the Western United States (Lewis, 1972). 
Variable costs are those costs which vary with changes in output. The 
variable costs in this analysis were fertilizer costs 9 baling cos ts 9 and hauling 
costs. The fertilizer costs involve the price of ammonium nitrate (source of N) 
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times the amount of ammonium nitrate applied. The average price paid by Utah 
farmers for ammonium nitrate from 1963 to 1968 was $82. 08 per ton ($ • 1207/ 
lb. of N) (Christensen and Richards 1969). The price trend over that period for 
ammonium nitrate has been one of continual decline. The price per ton in 1963 
was $86.00 and in 1968 was $76.50. The analysis of changes in the price of 
nitrogen will be discussed in the section entitled "Sensitivity Analysis 0 " 
The final production functions es timated through regress ion analysis 
did not involve phosphorus as a relevant independent variable. Thus the price 
of treble super phosphate (source of P) was of no consequence in the analysis. 
Baling and hauling costs were taken from a cross sectional average of 
custom baling and hauling costs in the Western United States. The custom 
rate for baling was $ .13/bale ($ . 0020 /lb. ~ assuming 33 bales/ton) and 
$ o10/bale ($ • 0017/lb.) for hauling (Lewis, 1972). 
Three prices were determined for the price of the forage. The first 
price was the average price paid to Utah farmers for all hay for the period 
1958 to 1968. This price was $220 28/ton ($ . 0111/lb. ) (Christensen and 
Richards 1969). This price is relevant when the forage is cut and baled as hay. 
It also applies to grazing situations where the only alternative to grazing is 
buying and feeding hay. 
The second price is relevant when the forage is grazed as part of the 
usual management scheme, Assuming 400 pounds of total digestible nutrients 
(ToDoNo) per animal unit month (AoUoMo) (Shultis et ala 1970) and the per-
centage of forage dry matter that is T"DoN .. for tall, intermediate~ and crested 
wheatgrass as 50% (National Academy of Sciences, 1971) the pounds of dry 
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forage per Ao Do Mo is 800. Due to sustained yield management considerations 
animals cannot utilize 100% of the forage available. It was assumed that only 
70% of the dry forage measured can be utilized. Thus 1333 pounds of dry forage 
are required per A 0 U 0 Mo Assuming a value of $4.99/ A. V 0 Mo (Hooper et al. 
1969) the price of the forage is $ .0030/lb. 
The third method involved the amount of grazing fees and other non-fee 
costs avoided by using the additional forage produced through fertilization to 
feed cattle normally grazed on federal land. Implicit in this technique is the 
selling of the permits that are no longer needed because of increased production. 
The costs of grazing on federal land and private land and the difference (savings) 
are given in Table 5. 
The difference column of Table 5 indicates savings or costs avoided by 
not grazing federal land. The veterinary costs are higher on private land than 
on federal land mainly because the cattle are more accessible for treatment on 
the private land and thus receive more intensive care. This is also reflected in 
a lower cost due to lost animals. Moving livestock and traveling to and from the 
allotments ~ interest on investment in permits~ federal grazing fees~ and associ-
ation fees are costs not involved when grazing private land. Fence maintenance~ 
water maintenance~ and development depreciation are costs which must be met 
by private land owners regardless of increased grazing through fertilization. 
The $1.14/ A 0 VoM. interest on investment in permits was calculated by 
allowing the permit owner a 4.5% return on his investment, using $25.35 Ao Vo Mo 
as the average value of the grazing permit. Thus? ($25.35/Ao DoMe) (.045) = 
$1. 14/A 0 D .. Mo return on investment. This amount per Ao D. M. can be saved 
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Table 5. Costs of grazing per A" U e Mo on federal land~ private land, and 
the difference (savings) (Nielsen and Workman 1971). 
Federal Private Difference 
Itemized costs Costs Costs (Savings) 
Federal grazing fee 0.78 0.78 
Lost animals 0.60 0.37 0.23 
Association fee 0.08 0.08 
Veterinary 0.11 0.13 -0.02 
Moving livestock to and from 
allotments 0.24 0.24 
Herding 0046 0019 O~27 
Salting and feeding 0.56 0.56a 0.00 
Travel to and from 
allotments 0.32 0.32 
Water (variable costs) 0.08 0.06 0.02 
Fence maintenance 0.24 0.24 
Horse 0.16 0.10 0.06 
Water maintenance 0.19 0019 
Development depreciation 0.11 0.11 
Other costs 0.13 0.14 -0.01 
Interes t on in ves tment 
in permits 1.14 1.14 
Total $5.20 $1.55 $3065 
aSalting and feeding costs for private land was originally reported as $ .83 ~ 
however this is prior to fertilization and it is assumed that with fertilization 
supplemental feeding could be reduced to at least the level of federal land. 
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each year by the land owner if he sells his permits and grazes on his now 
more productive land. 
The value (price) of the forage per pound was determined by the third 
technique as follows: 
$3. 65/A .. UoMo =.0027/lb. 
1333 lbs./ A .. U .. M .. 
Table 6 contains a summary of prices and costs. It will be noted that 
techniques 2 and 3 give similar forage prices. 
Production functions 
A production function is defined as the functional relationship between 
one or more inputs (xl? x2' ....... , xn) and the product produced (Y). 
Albegraically this relationship can be expressed as 
The production function (which in geometric terms is also called the 
total physical product curve 9 TPP) is an important tool to both the economist 
and the biologist. It enables the biologist to better understand the complete 
picture of production~ rather than merely a few isolated points representing 
the relationship between inputs and outputs. It enables the economist to analyze 
the production process and determine economic optima, otherwise unattainable. 
The productions functions used in this analysis were of the form 
Y = a + bN - cN2 + dP - ep2 + fNP 
where Y is the pounds of air dry forage per acre, N is the pounds of nitrogen 
fertilizer applied per acre~ P is the pounds of phosphorus fertilizer applied 
Table 6. Summary of prices and costs. 
Fixed costs 
Fertilizer application 
Swathing 
Variable costs 
Prices 
Nitrogen fertilizer (PN) 
Baling hay (P n) 
Hauling hay (Ph) 
Forage (baled hay) (PYl) 
Forage (grazed) (PY2) 
Forage (federal fees avoided) (Py ) 3 
per acre, and a~ b, c, d, e, and f are coefficients. 
the output, Nand P are the variable inputs. 
$1. 50/ac 
$3.50/ac 
$ . l207/lb. 
$ .002l/lb. 
$ .0017/lb. 
$ . OIl/lb. 
$ .0030/lb 
$ .0027 /lb. 
In this analysis Y is 
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Stepwise multiple regression analysis was used to estimate the produc-
tion function and the resulting total physical product curve (TPP). This analysis 
was accomplished by a computer program which computed the coefficients (a, 
b, c, d, e, and f), performed an analysis of variance for all variables (N, N2, 
P ~ p2, NP)? deleted the variable which contributed least to the model sum of 
squares, and then recomputed the analysis of variance for the new model. Two 
total physical product functions were estimated for each site (one for spring 
application and one for fall application) except for too Junction and Curlew 
plots, where only the spring functions were estimatedo 
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The results of the initial regress ion analysis are given in Table 7. 
Table 7. Results of initial regression analysis on each site. 
Plot Application R2 a b c d e f 
Curlew Spring .59 1190 18030* -.0623* 5.29 - . 0420 -. 0275 
Jensen Spring .66 5258 28.38* -.0278* 2031 -.0018-.0019 
Fall .68 6201 27.24* -.0266*-6.95 .0246 .0112 
Junction Spring .15 1308 7.36 -.0360 3.48 -.0139 .0094 
Swan Spring .06 2055 2.54 -.0030 1.24 -00021 .0015 
Fall .08 2737 2028 -.0026 -1.32 -.0046 .0083 
Theurer Spring .05 8183 -3.60 .0059 14.25 -.0822 .0102 
Fall .15 8370 15.11 -.0159 - .03 .0429 .0068 
White Spring .81 1931 29050* -.0463*- .28 -.0018 .0058 
Fall .74 2536 25.63* -.0392* 1.19 -.0110 .0128 
*Significant at the. 10 probability level. 
The final models chosen for the analysis were those which showed 
significance of all included variables at the. 10 level and had an R2 greater 
than. 50. The models meeting these criteria involved only the variables Nand 
N2 and P ~ p2 ~ and NP were deleted. These models are gi ven in Table 8. The 
graphical representation of these production functions appear as figures 3, 4, 
5, 6~ and 7. 
Table 8. Estimated production functions where significance of variables 
and model was at least at the. 10 probability leveL 
Model Production 
Plot Application Function 
Curlew Spring y = 1268 + 17.42N - .0623N2 
Spring y = 5392 + 28. 26N' - .0278N2 
Fall y :::: 6070 +- 27.96N .0266N2 
Jensen 
Spring y = 1897 + 29.88N - .0463N2 
Fall y :::: 2515 + 26.46N - .0392N2 
White 
The analysis of the Junction, Swan~ and Theruer plots resulted in 
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R2 
.56 
.66 
.67 
o 81 
.73 
statistically insignificant production functions. The R2 values for these sites 
were .14~ .08 9 and .15 respectively and none of the beta coefficients were 
significant at the .10 probability leveL The failure of these plots to produce 
significant production functions can be partially explained. The Junction plot 
did not have adequate moisture to utilize the nitrogen applied. Thus variations 
in production at this site were random. The Theurer plot was flooded by high 
water from spring runoff. The entire plot was under about one foot of water 
for apprOXimately 3 weeks. It is therefore probable that the fertilizer was, 
lost. The Swan plot results are somewhat more difficult to explain. One pos= 
sible explanation is that the soil is not deficient in the nutrients applied. As 
Table 2 indicates the soil on the Swan plot had sufficient phosphorus. Because 
the summer precipitation on the area is mainly thunderstorms~ it is possible 
that sufficient nitrates are supplied to the soil by rainwater. Another possible 
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explanation is supplied by a combination of factors. The fall application was 
applied on one foot of snow. This might ha ve caused the loss of the ammonia 
(NH4 ) portion of the fertilizer to the atmosphere and the nitrate (N03) portion 
to downslope or lateral movement. If so ~ fertilizer application would have 
been random and statistically insignificant results would have been obtained. 
The spring application was applied on May 19, 1971. The precipitation occur-
ring on the site from May 19 to July 13 was 10 54 inches. The important con-
sideration in determining the ef£ectiveness of the fertilizer was whether or not 
the applied nutrients reached the root zone. It is possible that the 10 54 inches 
of rainfall came in small thunderstorms, in which event the net soil moisture 
movement for the period would have been upward. Thus, the nitrates would 
accumulate in the surface inches of the soil and remain out of the root zone 
for most species. This is supported, somewhat, by the burning of leaves 
which occurred on the Idaho fescue plants growing on subplots where high 
nitrogen rates were applied. Idaho fescue~ being a shallow rooted species, 
was the only grass to respond in such a way to the fertilizer. Even if the pre-
cipitation occurred in such a manner to cause the nitrates to enter the root 
zone, it is likely that the net movement was upward. Thus~ the nitrogen 
probably accumulated in the surface inches and the root zones of most species 
remained deficient in nitrogen (James, 1972). Additional research will be 
required in order to determine the exact cause of the lack of response. 
Determination of optima 
The profit maximizing level of fertilization is the most important infor-
mation that ranchers can have concerning range fertilization. If they are 
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limited in the amount of money they can spend to fertilize, the optimum level of 
fertilization will generally vary from the unlimited capital case. 
The first step in determining the optimum level of fertilization is to 
determine the total physical product functions. From the total physical product 
functions the marginal physical product functions are calculated. For example, 
if the total physical product function were 
Y == a + bN - cN2 + dP - ep2 + fNP 
the marginal physical product ft:nctions would be found by taking the first 
partial derivatives with respect to N and with respect to P. This would yield 
oy 
MPP =. - =. b - 2cN + fP N aN 
ay 
MPP P =. d P = d = 2eP + fN. 
where MPPN is the marginal physical product of nitrogen and MPP P is the 
marginal phys ical product of phosphorus 0 
Using the prices of nitrogen (P ) and phosphorus (P ) as marginal 
N P 
factor costs 9 the optimum (least expensive) combination of nitrogen and 
phosphorus can be determined. For example~ to determine the least expensive 
combination of nitrogen and phosphorus the ratio of the marginal phYSical pro-
ducts to the marginal factor costs must be equal. Shown algebraically as 
MPPp 
Using the price of the forage (Py ) as marginal revenue, the optimum 
(most profitable) rate of nutrient application can be determined. The mathe-
matical approach to this is accomplished through the use of marginal value 
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product (MVPN and MVPp ) and marginal factor cost (MFCN and MFCp )' The 
marginal value product of nitrogen and phosphorus are defined as the marginal 
revenue (P Y' assuming perfect competition) multiplied by the marginal physical 
product of nitrogen and phosphorus: 
MVPN == Py . MPPN MVP = P · MPP P Y P 
The marginal factor costs are equal to the price of the inputs, nitrogen (P N) 
and phosphorus (P ), assuming perfect competition. The profit maximizing p 
level of inputs is found by setting the marginal factor costs equal to the mar-
ginal value products for all inputs. Thus, 
MVPN = MFCN and MVP = MFC P P 
is the expression for maximum profit. This can also be written: 
and P 'MPP = P . 
Y P P 
The simultaneous solutions of the above equations yield the optimum (maximum 
profit) level of fertilization. 
By comparing the amount of profit for the spring and fall applications, 
the most effective time of year for fertilization can be determined. 
In the current analysis all production functions showing statistical 
reliability involved only the variable N. The optimization of these functions is 
similar to that just disc".1ssed. The same definition holds for optimization, 
MVP N = MFC N· Therefore, P y · MPP N = P N solved for the unknown N is 
the optimum, profit maximizing, level of nitrogen. 
As an illustration of this technique the optimum level of nitrogen is 
determined using the fall application production function for th~ Jensen plot. 
Given the TPP, P y' P N' price of baling (P b)' and price of hauling (Ph) the 
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profit maximizing level of N can be determined. In the case where the hay is 
baled, the determination of optima is found by using a net price of forage 
(PYn) which is equal to the price of the forage (P Y) minus the cost of baling 
(Pb) and the cost of hauling (Ph). Since all three are expressed in terms of 
dollars per pound the resultant figure is the net price of the forage in dollars 
per pound. 
The necessary information is as follow s: 
Y = TPP = 6070 -;- 27. 96N - .0266N2 
P Y = $ .Olil/ib. 
P b = $ .002l/lb. 
Ph = $ .0017/lb. 
P Yn = $ .0073/lb. 
P N = $ .1207/lb. 
The determination of the optimum level of N applied is shown in the following 
calcula tions. 
~! = MPP N = 27. 96 - • 0532N 
MFCN = MVPN or 
$. l207/lb. = ($ . 0073/lb.) (27. 96 - .0532N) 
solving for N yields 
N = 215 lbs. /acre 
Therefore, the profit maximizing level of nitrogen fertilization for the Jensen 
plot, fall application is 215 lbs. /acre and 10, 852 lbs. of forage/acre. 
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The optimization of production functions can also be accomplished 
graphically. Figure 8 shows the optimum levels of Nand Y found graphically 
for the Jensen plot, fall application. The first step is drawing the TPP curve. 
Then a new origin is formed on the Y-axis above the maximum value on the 
TPP curve. The new N - axis has increasing values of N to the right and is of 
the same scale as the original N - axis. The new Y-axis has the same scale 
as before, but increases in a downward direction. Next the slope of the price 
line is determined by finding the amount of N that can be purchased with a given 
outlay ($20. 00), thus $~O. := 166 lbs. The amount of Y that can be sold for 
N 
$20.00 is ~20 :::.: 2740 lbs. Those two points determine the intercepts of the 
Y 
price ratio liRe. A straight line connecting these two points gives all the pos-
sible combinations of Y which can be sold and N which can be bought for $20.00. 
The slope of this price ratio line is 
~ 
PYn P N 
----
$20 PYn 
PN 
The slope of the TPP curve is given by the ';~ or MPP N' By definition the 
P 
profit maximizing level of N is where MPP N • P Yn ~ P N or MPP N ~ P :n · 
Therefore, at the point where a price ratio line just comes tangent to the TPP 
curve defines the profit maximizing point. As shown in Figure 8 this point is 
approximately 10,850 pounds of forage per acre and 215 pounds of N per acre, 
the same solution obtained algebraically. 
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Figure 8. Graphical optimization for Jensen fall application. 
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The determination of profit (7f) per acre is accomplished by subtracting 
total costs (TC) per acre from total revenue (TR) per acre. TC includes 
fertilizer costs ($ . 120/lb. ), application costs ($1. 50/ac), swathing costs 
($3.50/ac), baling costs ($ . 0021/lb.), and hauling costs ($ .0017 /lb.). TR 
is the market value of the hay. Therefore, 
TC ~ P n' N + application + swathing + Pb · Y + Ph . Y 
TC ~ ($. 1207/lb.) (215 Ibs. lac) + ($1. 50/ac) + ($3. 50/ac) 
+ ($.0021/lb.) (10,852 lbs./ac) +(.0017/1b.) 
(10,852 lbs. lac) 
TC == $72. 19/ac 
TR == P Y · Y ($ . Olll/lb,) (10,852 lbs. lac) == $120. 46/ac 
7f == TR - TC :::: $120.46 - $72.19 == $48.27 /ac 
Thus the profit per acre is $48.27. 
The same analysis was completed on all plots which yielded statistically 
significant production functions. These results are given in Table 9. The 
results indicate that fertilization of these range sites would be profitable if the 
hay were cut and baled. On the White and Jensen plots both spring and fall 
fertilizer applications were profitable. However, in both cases, the most ef-
ficient time of year to apply fertilizer was the fall. Profit was greater by 
nearly $5.00 per acre on the Jensen plot and over $2.00 per acre on the White 
plot when fertilizer was applied in the fall rather than spring, 
Only the data from the spring application was available on the Curlew 
site, If the hay were cut and baled the Cur lew site would yield over $4. 00 per 
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acre. One of the two following approaches would be n10re applicable to this 
site since it is more likely that it would be grazed rather than cut and baled, 
The optimum level of nitrogen application changes with changes in forage 
price. Since the price of the forage is a function of the method of harvest, op-
timum application rate also depends upon how the forage is harvested. When 
the forage is grazed the price is $ ,003/lbo (Table 6). 
Table 9. Maximum profit rate of fertilizer application, pounds of forage 
produced, and profit per acre when forage is cut and baled. 
OptimUlTI Forage Profit 
Plot Application levels of N produced $/ac 
lbs/ac lbs/ac 
Curlew Spring 7 l:HHi 4.27 
Jensen Fall 215 10852 48,27 
Spring 211 10117 43.39 
White Fall 127 5243 17.95 
Spring 144 5240 15.87 
The Jensen plot, fall application will serve as an example of the deter-
mination of optilna using P y :::: $ ,003/lbo and P N :::: $ .1207 /lb, 
TPP = Y == 6070 + 27. 96N - .0266N2 
OY 
MPP = ON:::; 27" 96 - .0532N 
MFCN == MVPN 
P N = P y 0 MPPN 
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3/lb.) (27.96) - .0532N) 
? 
ac 
Lizing level of N is negative? the implication 
to this siteo Graphically? this can be in-
~ ratio line and the TPP curve occurring 
rice of the forage is too low or the price 
nically feasible fertilization. Since it is 
he origin the relevant point on the curve is 
)rage produced is 6070 lbs. / ac. The 
N . N = ($ 0 003/lb.) (6070 lbs.) = $18.21/ 
each site are given in Table 10. It may be 
forage is only $ .003/lbo fertilization of 
the study sites becomes uneconomicaL The values for spring and fall profit 
vary 9 even though no fertilizer should be applied in either fall or spring, be-
cause the spring and fall production functions have different intercepts. A more 
reasonable measure of profit may be the average of these two values. 
If the forage is valued by the avoidance of federal grazing fees the rele-
vant price of the forage is $ .0027 lIb. The calculations of optima is accom-
plished by the procedure previously outlined. Because the value of federal 
fees avoided is even less than the price of $ .003/lb. employed above~ the 
slope of the price ratio line will.become even steeper and the optimum will 
again be zero rate of nitrogen application. Optimum forage per acre will re-
main unchanged and profit per acre is as follows~ Curlew plot, spring 
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Table 10. The optimum rate of nitrogen fertilization, forage produced~ and 
,erofit ,eer acre when forage is used for grazi!,!g. 
Optimizing Forage 
Plot Application level of N Produced Profit 
lbs. lac lbs. lac 
Curlew Spring 0 1268 3.80 
Jensen Fall 0 6070 18.21 
Spring 0 5392 16.18 
White Fall 0 2515 7.55 
Spring 0 1897 5.69 
application $3.42; Jensen, fall $16.39; Jensen, spring $14.56; VVhite, fall 
$6.79; and White, spring $5.12. 
Many ranchers find themselves unable to fertilize at the profit maximiz-
ing rate because of limited budgets. This imposes an additional constraint on 
the optimization problem. An example will be used to demonstrate optimization 
with a budget constraint. Using the Jensen plot fall application production func-
tion~ assume Mr. Jensen has 1,000 acres of land to which this production 
function applies and only $12,000 to spend on fertilizer. Thus the budget 
constraint becomes 
This information is necessary to determine the amount of N he should 
apply per acre. By solving for N the optimal level of N/ac is found. The 
so ltuion becomes 
N $12,000 99 lbs. lac (1,000 ac) ($ .1207/lb.) 
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and the pounds of forage produced is 8577 Ibs. lac. The profit now becomes 
7r = TR - TC = P y . Y - (application costs + cutting 
costs + P N . N + P b . Y + Ph . Y) = $45. 66/ac 
Thus profit has decreased by approximately $3. OO/ac due to the budget con-
straint. 
It should be noted that the budget constraint is the only equation necessary 
for the determination of the rate of N, if the solution is less than or equal to the 
unconstrained optimum. If the rate of N given by the budget constraint solution 
is greater than the unconstrained optimum, the budget is not limiting. Thus, 
simultaneous solution of two equations is sufficient to insure optimization with 
a budget constraint. The two equations are 
P N ' N ' (acres)~ Budget 
MPPN . P YN >PN' 
The most profitable management on the Curlew site would be to fertilize 
with 7 pounds of nitrogen per acre and cut and bale the hay, If sold on the open 
market at $2202 8/ton and transportation costs are zero, the profit would be 
$4.27 lac (Table 9). However, as pointed out by Nielsen (1965) the value of 
grazing changes from month to month. If the value of grazing is high in the 
months when fertilization causes increased growth, it may be economically 
feasible to fertilize even though the average grazing value used in the above 
analysis makes fertilization' unprofitable. 
The most profitable management on the Jensen site would be to fertilize 
wi th 215 lbs. lac of N in the fall and cut and bale the hay. This would yield a 
profit of $48. 27 lac (Table 9). 
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The most profitable management on the White site would also be to 
fertilize in the fall and cut and bale the hay. Nitrogen should be applied at 122 
lbs./ac and $17. 95/ac profit would be realized (Table 9). 
As with the Curlew site, these sites are also used as grazing areas. It 
is poss ible, as already mentioned 9 that the value of early spring and late fall 
grazing is higher than the average value used in this analysis. In the next 
section prices of forage and nitrogen will be allowed to vary and thresholds of 
economic feasibility will be determined. Thus a rancher can determine for his 
own operation whether cutting and baling hay or grazing is the more profitable 
according to the value he places on forage. 
It is difficult to place values on all the benefits that accrue through 
fertilization. The increase in forage quality could best be valued in terms of 
changes in livestock production. Change in species composition towards more 
palatable and nutritious forage plants could be valued by a long term study on 
weight gains of various grazing animals. 
Fertilization of land may be associated with costs as well as benefits. 
The increased growth of algae and the higher amounts of phosphates and nitrates 
in the ri vers has been attributed~ in part, to fertilization. The true picture of 
range fertilization must include an interdisciplinary analysis of all benefits and 
all costs. Future research into the economics of range fertilization may well 
be along these lines. 
Sensitivity analysis 
Sensi ti vity analys is is concerned wi th shifts in optima as the values of 
various independent variables change. In this analysis it is the comparison of 
optimum rates of N as the prices of N and Y change. Given the production 
funotion 
2 TPP = Y = a + bN - cN 
and the neoessary and sufficient condition for profit maximization 
Py · MPPN = PN 
the optimum rate of N oan be found. Thus 
P y (b - 2cN) = P N 
PN - bPy 
N = -2cP 
Y 
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yields the profit maximizing rate of N. By determining the sign of ~ : and 
ON Y 
ap ,the direction which N changes with changes in Py and PN can be found. N 
The partial derivities are 
aN PN 
a p y = 2cP y2 ) 0 
oN _ 1 (0 
dP
N 
- -2cPy 
Since ~ ~ > 0 the optimum value of N and changes in the price of Y move In 
y 
the same direction. Thus if P Y increases, the optimum N increases. 
P 
Graphically, as P y increases the slope of the price ratio line (p N) decreases 
y 
and the tangency on the TPP curve moves to the right. 
~ ~ <0 which implies that the optimum value of N moves in the opposite 
N 
direction from changes in PN" Thus if PN increases, the optimum N decreases. P 
Graphically, as P N increases the slope of the price ratio line IpN ) increases 
y 
and the tangency with the TPP curve moves to the left. 
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Tables 11 ~ 12 and 13 give the optimum ra tes of N for the Curlew spring 
application~ the Jensen fall application~ and the White fall application for various 
values of P N and Py . If the forage is being cut and baled the price of the forage 
must be a net price (PYN :::: Py - P b -Ph) where P b := price of baling and Ph :::: 
price of hauling. 
All three tables of optimum rates of nitrogen demonstrate that with in-
creased forage prices? the optimum rate of N increases and vice versa and wi th 
increased nitrogen prices~ the optimum rate of N decreases. 
The usefulness of this type of analysis is apparent when one considers 
the annual changes in market pi-ices of both forage and nitrogen. In anyone 
year prices may change enough to cause the economic optimum to vary as much 
as 100 pounds of nitrogen per acre. The importance to the rancher of the pro-
duction functions generated and the sensiti vity analysis presented is obvious. 
Us ing P N :::: $ . 1207 lIb. as the current price of nitrogen and the general 
equation for determining the optimum level of N,the price of the forage necessary 
to justify fertilization can be found. The equation for the optimum value of N is 
MPPN 0 P y ~:::. PNo Thus solving 
for N yields 
N 
bP - p 
Y N 
2cP y 
which is the general equation for the optimum value of N. The calculation of 
P Y which would allow N to equal zero would yield the minimum Py which 
economically justifies fertilization. The condition sufficient for the above 
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equation to equal zero is for the numerator to equal zero, Thus, bPy must 
equal P N" 
Therefore, for the Curlew spring application 
(1 7 . 42) P Y = $ . 1207 /1 b . 
P Y == $ .0069/lb. 
and the Py must equal $ .0069 in order to justify N application. For the 
Jensen fall application 
(27.96) P Y + $ "1207 /lb. 
P y = $ .0043/1b. 
For the White fall application 
(26.46) P Y = $ .1207/lb 
P Y = $ ,0046/lb. 
Therefore, if P N = $ . 1207/1b" and P y ::::: $,0043/lb" and P y began rising 
slowly, fertilization would become feasible on the Jensen site first, then 
the \Vhite, and then the Curlew site" 
Using P y = $, 0073/lb. as the current net price of forage the values of 
P N which would cause fertilization to become unprofitable were calculated. The 
P would have to be at least $ . 1272/lb. , $ . 2041/lb." and $. 1932/lb. to cause 
N 
fertilization to be unprofitable on the Curlew spring, Jensen fall, and White fall 
sites respectively. 
Using discrete and arbitrary changes in prices, the thresholds of 
economic feasibility are apparent in Tables 11, 12, and 13" Fertilization be-
comes profitable on the Curlew site when the price of the forage is equal to or 
greater than $.007 /lb. and the price of nitrogen is equal to or less than $ L 10/1b< 
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Fertilization is jus tified at higher pr ices of nitrogen only when the price of the 
forage increases. 
Fertilization is profitable on the Jensen site when P~ $ .06/lb. and 
P y > $ .003/lb: As P y increases fertilization is profitable at even higher 
ni trogen prices. Fertilization is unprofitable when P y = $ . 007/lb. and P N = 
$ .20/lb. 
Fertilization is profitable on the White site when P N S $ .06/lb. and 
P y ~ $ .003/lb. When P y = $ . 007/lb. fertilization is profitable at P N~ 
$ . I8/lb. Fertilization is also profitable at all P y 2 $ .011 lb. and PN~ 
$ .20/lb. 
Table 11. Optimum rates of N/ac at various prices of forage (Py ) and nitrogen (PN> for the Curlew spring application. 
Price of Py($/AUM) 4.00 9.33 14.66 20.00 26.66 39.99 
ammonium P P ($/ton) 6.00 14.00 22.00 30.00 40.00 60.00 
nitrate N P~($/lb.) .003 .007 .011 .015 .020 .030 
i$l~~l _____ ~il~L ________________________________________________________________ _ 
40.80 .06 0 71 96 108 116 124 
68.00 .10 0 25 67 86 100 113 
95. 20 . 14 0 0 38 65 84 102 
122. 40 0 18 0 0 8 44 68 92 
136. 00 0 20 0 0 0 33 60 86 
Table 12. Optimum rates of N/ac at various prices of forage (Py ) and nitrogen (PN) for the Jensen fall application" 
Price of 
ammonium 
nitrate 
($/ton) 
40.80 
68.00 
95.20 
122.40 
136.00 
P 
N 
($/lb.) 
.06 
.10 
.14 
.18 
.20 
Py($/AUM) 4.00 
Py($/ton) 6.00 
Py($/lb. ) .003 
150 
0 
0 
0 
0 
9.33 
14.00 
0007 
364 
257 
150 
42 
0 
14.66 
22.00 
.011 
423 
355 
268 
218 
184 
20.00 
30.00 
.015 
450 
400 
350 
300 
275 
26.66 
40.00 
.020 
469 
432 
394 
356 
338 
39099 
60.00 
.030 
488 
463 
438 
413 
400 
c.n 
t+::-
Table 13. Optimum rates of N/ac at various prices of forage (F y) and nitrogen (PN) for the White fall 
Application 
Price of 
ammonium Py($/AUM) 4.00 9.33 14.66 20.00 26.66 39.99 
P 
nitrate n Py($/ton) 6.00 14.00 22.00 30.00 40.00 60.00 
($/ton) ($/lb. ) Py($/lb. ) .003 .007 .011 .015 .020 .030 
---------------------------------------------------------------------~-----
40.80 .06 82 228 268 286 299 312 
68.00 .10 0 155 222 252 274 295 
95.20 .14 0 82 175 218 248 278 
122.40 .18 0 10 129 184 223 261 
136.00 .20 0 0 106 167 210 252 
c.n 
c.n 
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SUMMARY AND CONCLUSIONS 
Range researchers have studied the effects of fertilization on species 
composition~ forage quality, and forage production for many years. It has 
become accepted that certain areas are capable of increased quality and 
quantity of forage through fertilization. Because researchers have shown that 
rangeland production can be increased through fertilization, a study was con-
ducted to discover if fertilization of various Utah range sites was economically 
feasibleo 
Six range sites were selected for analysis, two dryland crested 
wheatgrass (Agropyron cristatum), one of which receives 9 to 10 inches of 
precipitation and the other 11 to 12 inches; one intermediate wheatgrass 
(Agropyron intermedium) si te which recei ves 16 to 17 inches prec ipitation; one 
irrigated, tall wheatgrass (Agropyron elongatum) site; one irrigated, mixed 
meadow grass site; and one mountain meadow siteo Precipitation during 1971 
was above the 30 year average on all si tes. Six rates of ni trogen and six rates 
of phosphorus were applied to each area in a factorial design (36 treatments) 
with both fall and spring application dates. Forage was harvested and pro-
duction functions estimated for each application. The optimum rate of fertil-
izer was determined for each site and by comparing profit per acre, the most 
profitable application date was determined. 
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Only three of the six sites tested (the tall, intermediate, and 11 to 12 
inch precipitation crested wheatgrass) showed significant responses to fertil-
ization. Phosphorus was not beneficial in increasing forage production and 
the only variables which proved to be significant at the . 10 level were Nand 
N2. Thus, the statistically reliable production functions were of the form: 
2 
Y = a + bN - cN 
where Y is the pounds of forage produced per acre and N is the amount of nitro-
gen applied per acre. 
U sing the estimated production functions and the prices of the forage 
(P Y) and nitrogen (PN) the optimum rates of N were calculated. As the use 
of the forage changes, so does its value. It was determined that if the forage 
is cut and baled as hay the net value of the forage is $ .0073/Ib. If the forage 
is valued as a substitute for private lease grazing, the price if $. 0030/1b. If 
the forage is valued in terms of avoiding federal grazing fees, the price is 
$ .0027 lIb. Setting the net P Y at $ .0073/Ib. and P N at $ .1207 lIb. and ac-
counting for baling and hauling costs the optimun1 application rate of N was 7, 
215, and 127 pounds of N per acre on the crested, tall, and intermediate wheat-
grass sites respectively and the profit was $4.27, $48.27, and $17. 95/ac. If 
the forage is valued in terms of either of the grazing values, fertilization is 
not profitable on any of the three sites. 
On the tall and intermediate wheatgrass sites the fall application was the 
most profitable. Only the spring application was analyzed for the crested 
wheatgrass site. 
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The optimum values of N were determined for various fertilizer and 
forage prices. At the current nitrogen price of $ 01207 /lb. 9 the net prices 
of forage which would cause fertilization to become unprofitable would be 
$, 0069/lb. 9 $ , 0043/lb. < and $ .0046/lb. on the crested9 tall and intermediate 
wheatgrass sites respectively. At the current net forage price of $ 0 0073/lb. ~ 
the prices of nitrogen which would cause fertilization to become unprofitable 
would be $ . 1272/lb. 9 $ . 2041/lb. ~ and $ .1932/lb. for the crested~ tall, and 
intermediate wheatgrass. 
Nitrogen fertilization appears to extend the grazing season by as much 
as two weeks through earlier spring growth initiation. 
59 
LITERATURE CITED 
Baurn, E. L., E. O. Heady, and J. Blackmore (Ed.). 1956. Methodological 
procedures in the economic analysis of fertilizer use data. Iowa State 
University Press, Ames, Iowa. 
Bentley, J. P. 1946. Range fertilization--one means of improving range 
forage. California Cattlemen. September, 1946, pp. 6 and 24. 
Birch, Thomas L. and Robert L. Lang. 1961. Dryland grass-seed production 
as affected by three rates of nitrogen fertilization. University of 
Wyoming Agricultural Experiment Station Bulletin 382. 
Brown, W. G., E. O. Heady, J. T. Pesek, and J. A. Stritzel. 1956. Pro-
duction functions, isoquants, isoclines, and economic optima in corn 
fertilization for experiments with two or three variable nutrients. Iowa 
Agricultural Experiment Stat~on Research Bulletin 441. 
Carter, Jack F. 1955. Nitrogen fertilization, North Dakota tests show such 
fertilization of pure forage grass stands is profitable. North Dakota 
Agricultural Experiment Station Bimo. Bulletin 17 (5): 188-197. 
Christensen, R. A. and S. H. Richards. 1969. Price trends for decision 
making in agriculture--Utah 1969. Utah Agricultural Experiment 
Station Utah Resources Series 49. 
Conrad, C. E., E. J. Woolfolk, and D. A. Duncan. 1966. Fertilization and 
management implications on California annual - plant range. Journal 
of Range Management 19:20-26. 
Cook, C. Wayne. 1965. Plant and livestock responses to fertilized rangelands. 
Agricultural Experiment Station Bulletin 455, Utah State University. 
Cooper, Clee S. 1955. More mountain meadow hay with fertilizer. Oregon 
Agricultural Experiment Station Bulletin 550. 
Dickey, P. B~, O. K. Hoglund, and B. A. Madson. 1948. Effect of fertilizer 
on the production and season of use on annual grass range in California. 
J. Amer. Soc. Agron. 40:186-188. 
60 
Doll~ Jo Po ~ E. O. Heady~ and J, T. Pesek. 1958. Fertilizer production 
functions for corn and oats; including an analysis of irrigated and 
residual responseo Iowa Agricultural Experiment Station Research 
Bulletin 463. 
Duncan 9 D. Ao and J. No Reppert. 19600 Even dry - fertilized ranges pro-
duce more meat. Western Livestock Journal. 
Dwyer 9 Don Do 1971. Nitrogen fertilization of Blue Grama Range in the foot-
hills of South - Central New Mexico 0 New Mexico Agricultural 
Experiment Station Bulletin 585. 
French~ B. L. 1956. Functional relationships for irrigated corn response to 
nitrogen. Journal of Farm Economics 38~736-747. 
Fuller~ W. Ao 1965. Stoichastic fertilizer production functions for continuous 
corn. Journal of Farm Economics 47~105-1190 
HeadY9 Eo O. and Jo To Pesek. 19540 A fertilizer production surface with 
specification of economic optima for com grown on calcareous ida 
silt loam. Journal of Farm Economics 36~466-482o 
---~ 
, and W. Go Brown. 1955. Crop response surfaces and 
economics optima in fertilizer useo Iowa Agricultural Station Bulletin 
424. 
~ __ ~~ and Wo O. McCarthy. 1963. Production functions and 
methods of specifying optimum fertilizer use under various uncertainty 
conditions for hayo Iowa Agricultural Experiment Station Bulletin 518. 
Hoglund~ 00 K.;, H. W. Miller~ and Ao Ko Hafenrichter. 1952. Application 
of fertilizers to aid conservation of annual forage range. Journal of 
Range Management 5~55-6L 
Hooper~ Jack F. 1969. Economics of fertilization and rates of grazing in 
California grassland management. Unpublished Ph. Do thesis 9 
Uni versity of California ~ Berkeley. 
----
9 Jo P. Workman~ Jo B. Grumbles 9 and Co W. Cooko 1969. 
Improved Ii ves tock distribution with fertilizer--a preliminary economic 
evaluation. Journal of Range Management 22(2)~108-110o 
Hull~ A. C. 1963. Fertilization of seeded grasses of mountainous rangelands 
in Northeastern Utah and Southeastern Idaho. Journal of Range 
Management 16~6}~306-310. 
61 
Ibach, D. B. 1956. A graphic n1ethod of interpreting response to fertilizer. 
U. S. Department of Agriculture Handbook 93. 
James, D. W. 1972. Associate professor of soils, Utah State University. 
Personal interview, Aug. 3. 
Jones, M. B. 1960. Responses of annual range to urea applied at various 
dates. Journal of Range Management 13:188-192. 
Lang, Robert L. 1956. The effect of application of urea to mountain range on 
cattle distribution and forage production. Wyoming Range Management 
No. 90. 
----
, and Leland Landers. 1968. Nitrogen fertilization of crested wheat-
grass in northeastern Wyoming. University of Wyoming Agricultural 
Experiment Station Research Journal 21. 
Lawrence, T. and R. Ashford. 1969. Effect of nitrogen fertilizer and clipping 
frequency on the dry matter yield and persistency of intermediate wheat-
grass. Canadian Journal of Plant Science 49(4):435-446. 
Lewis, Rubon D. 1957. Mountain ll1eadow improvement in Wyoming. Univer-
sity of Wyoming Agricultural Experiment Station Bulletin 550. 
----
• 1972. Machinery custom rates. Doane's Agricultural Report. 
35(11-5) :303-306. 
Moore, A. W., E. M. Brouse, and H. F. Rhoades. 1968. Influence of phos-
phorus fertilizer placement on two Nebraska sub-irrigated meadows. 
Journal of Range Management 21:112-114. 
Munson, R. D. and J. P. Doll. 1959. The economics of fertilizer use in crop 
production. Advanced Agronomy 11:133-169. 
National Academy of Sciences. 1971. Atlas of nutritional data on United States 
and Canadian Feeds. Washington, D. C. 
Nielsen, Darwin B. 1965. Economics of federal range use and improvement. 
Unpublished Ph. D. thesis. Oregon State University, Corvallis, Oregon. 
----
, and John P. Worlanan. 1971. The importance of renewable grazing 
resources on federal lands in the 11 western states. Utah Agricultural 
Experiment station Circular 155. 
62 
Orazem~ Fo and F. \V. Smii.th. 1958. An economic approach to the use of 
fertilizers~ including an economic interpretation of a corn-fertilizer 
experiment on Verdigrio-like soil in 1956. Kansas Agricultural 
Experiment Station Technical Bulletin 940 
Pascha1 9 ~J. Lo and Bo L. French. 1956. A method of economic annalysis ap-
plied to nitrogen fertilizer rate experiments on irrigated corn. USDA 
Technical Bulletin 1141. 
Patterson9 Jo Ko and Vo Eo Youngman. 1960. Can fertilizers effectively in-
crease our range land production. Journal of Range Management 
13:255-257. 
Pesek~ J. Y. and E. O. Heady. 1958. Derivation and application of a method 
for determining minimui.a recommended rates of fertilization. Proc. 
Soil Sci. Soc. Amer. 22~419-23. 
9 Jo P. Doll 9 and Ro P. Nicholson. 1958. Production sur-
-~~~
faces and economic optima for corn yields with respect to stand and 
nitrogen levels. Iowa Agricultural Experiment Station Bulletin 472. 
Seamonds 9 Wesley J. 1971. Date of application--source of nitrogen study~ 
Saratoga, Wyoming. University of Wyoming Agricultural Experiment 
Station Bulletin 541. 
-~-~ 
and R. L. Lango 1960. Nitrogen fertilization of crested wheatgrass 
in Southeastern Wyoming. University of Wyoming Agricultural 
Experiment Station Bulletin 364. 
----
and Glenn P. Roehrkassee. 1971. Effect of heavy nitrogen rates 
upon yield~ protein content~ and nitrate accumulation in mountain 
meadow hay. Wyoming Agricultural Experiment Station~ Bulletin 
545. 
Shultis? Arthur, Horace Strong, and Philip Parsons. 1970. Planning profit-
able beef production. University of California Agricultural Extension 
Service Publication AXT-73. 
Smith? Dixie R. and Robert L. Lang. 1958. The effect of nitrogenous fertil-
izers of cattle distribution on mountain range. Journal of Range 
Management 11~5)~248-249. 
-~~~ 
9 and 0 1962. Nitrogen fertilization of Upland range in the 
Big Horn Mountains. Uni vers i ty of Wyoming Agricultural Experiment 
Station Bulletin 388. 
63 
Spillman, W. J. 1933. Use of the exponential yield curve in fertilizer experi-
ments. USDA Technical Bulletin 348. 
Thomas, James R. 1964. Interrelationships of nitrogen, phosphorus, and 
seasonal precipitation in the production of bromegrass - crested wheat-
grass hay. Agr. Res. Servo USDA Prod. Report 82. 
U. S. Department of Commerce. 1960-71. Climatological data, Utah. Environ-
mental Data Service, National Oceanic and Atmospheric Administration. 
Washington, D. C. 
U. S. Geological Survey. (no date). Normal annual precipitation, normal 
May-September precipitation, 1931-1960, State of Utah (map). Utah 
State Engineer Office, Utah Water and Power Board, Soil Conservation 
Service and U. S. Department of Agriculture. Washington, D. C. 
Visher, S. S. 1946. Seasonal precipitation range in the U. S. Ecology 27: 
81-87. 
Williams, W. A., R. M. Love, and J. P. Conrad. 1956. Range improvements 
in California by seeding annual clovers, fertilization, and grazing man-
agement. Journal of Range Management 9:28-33. 
Woolfolk, E. J. and D. A. Duncan. 1962. Fertilizers increase range pro-
duction. Journal of Range Management 15:42-45. 
64 
APPENDIXES 
Appendix A 
Range Condition Guides for 
Jensen, Swan~ Theurer, and White Sites 
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Additional soil information is available from the Soil Conservation Service, 
Logan, Utah. 
UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 
RA NG E CONDI TION GUIDE FOR ___ ----'=S:...:::e~m;;;,;i;....-...:..W.:....:e:....:t;....M=e~a..::;d.;;;.ow;.;....;;;.s.....l(..::.J.;;;.e::.:.ns=..;e:....:n:.:..l)'--_________ RANGE SITE 
DECREASER PLANTS 
Plants that decrease when 
range is improperly grazed. 
Figures in ( ) indicate the 
approximate amount found in 
climax for the site. 
Alkali bluegrass ( 2) 
Alpine- timothy 1 
Bearded wheatgrass ( 1) 
Blue wildrye 1 
Great Basin wildrye ( 10) 
Idaho fescue 5 
Mountain brome 1) 
Nodding brome 1 
Prairie Junegrass 1) 
Redtop 5 
Slender wheatgrass ( 30) 
Tall nati ve bluegrass 5 
Trisetum ( 1) 
Tufted hairgrass 10 
( ) 
Na ti ve clover 2) 
Cow cabbage 1) 
Edible valerian 5) 
Rose (sheep) 1) 
INCREASER PLANTS: 
Plants that increase when range is 
improperly grazed. Count no more 
than the amount shown as climax for 
the site in rating range condition. 
% 
Climax 
Alkali sacaton 5 
Field Horsetail 1 
Letterman needlegrass 
Little barley 
Rushes 
Sedge 5 
Squirreltail 1 
Western wheatgrass 5 
Wiregrass 1 
Aster 1 
Drummond thistle 1 
Cinquefoil 1 
Geranium 5 
Iris 1 
Lupine 2 
Peavine 5 
Senecio 1 
Stella ria 1 
Violet 1 
Wes tern coneflower 1 
Yarrow 5 
Rose (cattle) 1 
Shrubby conquefoil 1 
Sil ver sagebrush 
Willows 1 
Yellowbrush 1 
INVADER PLANTS: 
Plants that invade when range 
is improperly grazed. None of 
these are counted as climax 
in rating range condition. 
Cheatgrass 
Foxtail 
Annual woods 
Curlycup gumweed 
Dandelion 
Houndstongue 
Poverty weed 
Tarweed 
Big sagebrush 
Rubber rabbitbrush 
Snakeweed 
ESTIMATED YIELDS AND POTENTIAL IMPROVEMENT BY CONDITION CLASSES 
* Excellent Good Fair Poor 
Percent of Potential 100% - 76% 75% - 51% 50% - 26% 25% - 0 
Lbs of Acre Air Dry I Favorable Yrs 4200 - 1750 4200-1700 4000-1700 4000-1750 
Total Annual Yi eld Unfa vorable Yrs 1700- 500 1700- 500 750- 400 1750-250 
*Regrowth not considered - above based on one harvest per year 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 
RANGE CONDITION GUIDE FOR,_---..:M=o...;::u,;;:n,;;:ta~i.;;;;n_=L::..:o:::.::a:..:m~(o.=SW~a;,;;.;n:...;a;;.;;n:.;;d~Wh~it~e~) _________ .RANGE SITES 
DECREASER PLANTS: 
Plants that decrease when range 
is improperly grazed. Figures 
in ( ) indicate the approximate 
amount found in climax for 
the site. 
Bearded wheatgrass ( 1) 
(cattle 
Bluebunch wheatgrass (80) 
Great Basin wildrey ( 3) 
Idaho fescue 1) 
King's fe scue (cattle) 1) 
Mt. Brome (cattle) 1) 
Nodding brome 1) 
Oniongrass 1) 
( sheep) 
Sandberg bluegrass ( 1) 
Slender wheatgrass 1) 
Tall native bluegrass 6) 
Balsamroot (sheep) 1) 
Hawksbeard ( 2) 
1 
INCREASER PLANTS: 
Plants that increase when range is 
improperly grazed. Count no 
more than the amount shown as 
climax for the site in rating 
range condition. 
% 
INVADER PLANTS: 
Plants that invade when range 
is improperly grazed. None of 
these are counted as climax 
in rating range condition. 
Climax Cheatgrass 
Bluebunch wheatgrass (sheep) 80 
Columbia needlegrass 1 Sixweeks fescue 
Dryland sedge 1 
Indian ricegrass 
Kentucky bluegrass 1 
King's fescue (sheep) 1 
Letterman needlegrass 1 
Mountain brome (sheep) 1 
N eedleand thread 1 
Prairie junegrass 1 
Sandberg bluegrass (Cattle) 1 
Aguirreltail 1 
Western wheatgrass 1 
Aster T 
Astragalus T 
Balsamroot (cattle) 1 
Buckwheat T 
Daisy T 
Elkweed T 
Geranium T 
Horsemint T 
Little sunflower T 
Lupine 
Mulesear dock 
Others 2 
Peavine T 
Penstemon T 
Phlox T 
Senecio T 
Stone seed T 
Timber milkvetch T 
Threeawn 
Annual forbs 
Dandelion 
Houndstongue 
Knotweed 
Mullein 
Ragweed 
Stickseed 
Tarweed 
Juniper 
Pinon pine 
Rubber rabbitbrush 
Snakeweed 
INCREASER PLANTS 
Black sagebrush 
Buckwheat 
Chokecherry 
Horsebrush 
Mountain laurel 
Oakbrush 
Rose (cattle) 
Snow berry or maple 
Yellowbrush 
1 
T 
T 
T 
T 
1 
1 
2 
2 Rose (sheep) 
Bitterbrush ( 4) Yarrow 
Big sagebrush 2 
ESTIMATED YIELDS AND POTENTIAL IMPROVEMENT BY CONDITION CLASSES 
Percent of Potential 
Lbs. per acre Air Dry 
Total Annual Yield 
Fa vorable Yrs. 
Unfavorable Yrs 
EXCELLENT GOOD FAIR POOR 
100% - 76% 75% - 51% 50% - 26% 25% - 0 
2750-1750 3000-2000 2000-1500 2500-1700 
1750-1050 1750- 900 1200- 500 1000- 500 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 
RA NG E CONDITION G UIDE FOR _____ W.;.:.....;;e...;:,.t...:;.M;,.;;.e.;,..a-'-d:.c.:o'-'-w;....;;s'---'-(T::..=he"-u_r;....;;e..c:;r..l..) ____________ RANGE SITE 
DE CREASED PLANTS: 
Plants that decrease when range 
is improperly grazed. Figures 
in ( ) indicate the approximate 
amount found in climax for 
the site. 
Alpine timothy ( 1) 
Bearded wheatgrass ( T) 
Blue wildrye ( T) 
Creeping wildrye ( 5) 
Nodding brome ( T) 
Redtop 5) 
Slender wheatgrass ( 1) 
Trisetum ( T) 
Timothy ( 1) 
Tufted hairgrass (30) 
Cow parsnip 1) 
INCREASED PLANTS: 
Plants that increase when range 
is improperly grazed. Count no 
more than the amount shown as 
climax for the site in rating 
range condition. 
Columbia needlegrass 
Great Basin Wildrye 
Field horsetail 
Kentucky bluegrass 
Little barley 
Muhly grass 
Rushes 
Sedges (broadleaf) 
Western wheatgrass 
Wiregrass 
A rrow grass 
Aster 
Cinquefoil 
Dandelion 
Goldenrod 
% 
Climax 
1 
2 
5 
1 
1 
1 
20 
10 
5 
1 
1 
Shooting star 1 
INVADER PLANTS: 
Plants that invade when range 
is improperly grazed. None of 
these are counted as climax 
in rating range condition. 
Cheatgrass 
Foxtail 
Annual weeds 
Cocklebur 
Curlycup gumweed 
Poverty weed 
Teasel 
Native clover 5) Senecio 1 
Rose 1 
White Dutch Clover 1) Shrubby cinquefoil 1 Big rabbitbrush 
Sil ver (wa ter) sagebrush 
( ) Willow 1 Rubber rabbitbrush 
ESTIMATED YIELDS AND POTENTIAL IMPROVEMENT BY CONDITION CLASSES 
EXCELLENT GOOD FAIR POOR 
Percent of Potential 100% - 76% 75% - 51% 50% - 26% 25%- 0 
Lbs. per Acre Air Dry 
Total Annual Yield 
Favorable Yrs. 6500-4000 G500-4000 7500-5000 5000-2000 
Unfavorable Yrs 3500-3000 4250-3500 3500-2000 2250-1500 
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b.PPSEdi~ !? 
XeaI1L.~nd Average Precipitation on Site!? 
_~ ______ -....- __ ._________ . __ ...-- _N ___ ,...____. ____ _ 
. ...-.-, ___ _ ~...-....-__ ..... ~ ___ --'""--.... ~ ____ ._---' ........... ___ -' ~,....... ..... _.#Ifr . _ __ ...,..-, ___ 
60-71 31-60 
Plot 1960 1061 1962 1963 1964 1965 1966 1967 1968 1969 1960 1971 avg avg 
Curlew l 
Jensen2 
Junction3 
4 Swan 
Theurer2 
White5 
8.81 11 64e 814 
15.52 6 14 54e 12 41 
7 45 8 00 6.95 
16.03 25 99 18.29 
15 52e 14. 54 12.41 
14 18 14 75 15.09 
18.14 
13 83 
12 42 
22 82 
13 83 
19 72 
13 22e 15.98 6. 62e 12 61 15 76e 
12 4ge 16 21 e 6.31 e 12 22 20 42 
11. 68 12.60 4 93 J 1 65 12 47 
30 18 24. 09 18 37 23 70 30 19 
12.4ge 16 21 e 6 31 e 12 22 20 42 
19 07 19 7ge 10 58 21 12 22 46 
eEstimated by the Environmental Data Service, U S Department of Comlnerce 
9 51 12.95 16 89 
13. 6ge 18 27 19.14 
8.28 10 61 10.16 
16 71 29 79 28 08 
13 6ge 18 27 19.14 
1G. 85 20.92 22 37 
1Date obtained from Climatological Data for Utah; Environmental Data Service, Dept of Comm. 
I Snowville weather station) 
2Same source as 1 (KVNU weather station; Logan) 
3Data obtained from precipitation gages on the site 
4Same source as 1 (conversion of Monte Cristo Storage gage to precipitation on the site) 
5Same source as 1 (USU weather sta tion} Logan) 
12 52 11. 50e 
14 59 14.00 
9 77 9 50e 
23 69 22 50e 
14 59 14 OOe 
18 08 16 64e 
~"-L __ ._~" .-__ -=- - r-c... .• --..::....-
OJ 
c.D 
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